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(54) ELECTRONIC DEVICE

(57) A display panel (3) can transition between an
inclined state and a fixed state, via an upper end contact
state (ST3), in accordance with linear reciprocal move-
ment relative to a base chassis (2) of a main slider (4).
In the upper end contact state (ST3), the upper end of
the display panel (3) is in contact with the front surface
of the base chassis (2) and the lower end of the display
panel (3) is separated from the front surface of the base
chassis (2).
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Description

Technical Field

[0001] The present invention relates to an electronic
device including a main body having a fixing surface and
a display unit capable of taking an inclined posture rela-
tive to the fixing surface.

Background Art

[0002] As a kind of the electronic device, a navigation
device that is to be mounted on a vehicle or the like has
been known. The navigation device includes a main body
having a fixing surface in which a medium insertion open-
ing is formed and a display unit having a display surface
for displaying information. The display unit can take a
fixed state in which the display unit is fixed to the fixing
surface and an inclined state in which the display unit
takes an inclined posture relative to the fixing surface.
When the display unit is in the inclined state, the medium
insertion opening is exposed, so that a medium can be
inserted or discharged. When the display unit is in the
fixed state, the medium insertion opening is covered by
the display unit. When the display unit is in the fixed state,
the display unit takes a posture parallel with the fixing
surface. A transition operation of the display unit from
the fixed state to the inclined state is also referred to as
a tilt operation.
[0003] Patent Literature 1 discloses a mechanism con-
figured to enable the tilt operation. When performing the
tilt operation by the mechanism, the display unit first
moves forwards with keeping the posture parallel with
the fixing surface. Then, the display unit takes an inclined
posture relative to the fixing surface.

Citation List

Patent Literature

[0004] Patent Literature 1: JP-A-2010-174506

Summary of Invention

Technical Problem

[0005] However, the posture of the display unit may be
non-parallel with the fixing surface of the main body due
to aging deterioration or slight design error of the mech-
anism configured to drive the display unit. In this case,
when the display unit transitions to the fixed state, a gap
is generated between the display unit and the fixing sur-
face, so that an abnormal or rattling sound may be
caused. In particular, when the mechanism configured
to drive the display unit is connected to a lower end of
the display unit, if an upper end of the display unit is
inclined in a direction of separating from the fixing surface
(i.e., a reverse tilt state), a force of the driving mechanism

is not transmitted to the upper end of the display unit, so
that a large gap is likely to be generated. That is, it is not
possible to rigidly fix the display unit to the main body.
[0006] It is therefore an object of the present invention
to prevent a reverse tilt state of a display unit and to rigidly
fix the display unit to a main body.

Solution to problem

[0007] In order to achieve the above object, according
to an aspect of the present invention, there is provided
an electronic device. The electronic device includes:

a main body fixed to a fixing target and having a fixing
surface,
a display unit having a display surface for displaying
information, and
a first movement part connected to a lower end of
the display unit and configured to linearly reciprocally
move relative to the main body.

[0008] The display unit can transition between an in-
clined state and a fixed state via an upper end contact
state in accordance with the reciprocal movement of the
first movement part.
[0009] In the inclined state, the display unit is spaced
from the fixing surface and the display surface faces up-
wards obliquely.
[0010] In the upper end contact state, an upper end of
the display unit is in contact with the fixing surface and
the lower end of the display unit is spaced from the fixing
surface.
[0011] In the fixed state, the upper end and the lower
end of the display unit are in contact with the fixing sur-
face.
[0012] According to the above configuration, when fix-
ing the display unit to the main body, the upper end of
the display unit is contacted to the fixing surface and then
the lower end of the display unit connected to the first
movement part is contacted to the fixing surface. For this
reason, it is possible to prevent a reverse tilt state of the
display unit and to rigidly fix the display unit to the main
body.
[0013] The electronic device can be configured as fol-
lows.
[0014] The electronic device includes:

a second movement part configured to reciprocally
move in parallel with the first movement part,
a support part configured to support the display unit,
a first connection part to which the lower end of the
display unit is to be connected to be rotatable relative
to the first movement part, and
a second connection part provided between the up-
per end and the lower end of the display unit and to
which the display unit and the support part are to be
connected to be relatively rotatable.
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[0015] In the upper end contact state, the first connec-
tion part is positioned more distant from the fixing surface
than the second connection part.
[0016] According to the above configuration, it is pos-
sible to prevent the reverse tilt state of the display unit
more securely and to rigidly fix the display unit to the
main body.
[0017] In this case, the electronic device can be con-
figured as follows.
[0018] The electronic device has a pressing part con-
figured to press downwards the second movement part
at least in the fixed state.
[0019] According to the above configuration, bending
of the second movement part, which is caused due to
the support part’s stress of pulling up the second move-
ment part at least in the fixed state, is suppressed. There-
by, a change in state of the display unit is smoothly made.
Therefore, it is possible to prevent the reverse tilt state
of the display unit more securely and to rigidly fix the
display unit to the main body.

Brief Description of Drawings

[0020]

FIG. 1 is a perspective view depicting an outward
appearance of an electronic device according to a
first illustrative embodiment.
FIG. 2 depicts movement of a display panel of the
electronic device.
FIG. 3 depicts a reverse tilt state of the display panel.
FIG. 4 is a side view depicting a completely opened
state of the display panel.
FIG. 5 is a side view depicting a half-opened state
of the display panel.
FIG. 6 is a side view depicting an upper end contact
state of the display panel.
FIG. 7 is a side view depicting a completely closed
state of the display panel.
FIG. 8 is a plan view depicting states of a main slider
and a sub-slider in the completely opened state.
FIG. 9 is a plan view depicting states of the main
slider and the sub-slider in the half-opened state.
FIG. 10 is a plan view depicting states of the main
slider and the sub-slider in the upper end contact
state.
FIG. 11 is a plan view depicting states of the main
slider and the sub-slider in the completely closed
state.
FIG. 12 is a perspective view depicting a positional
relation among the main slider, the sub-slider and a
motion link in the completely opened state.
FIG. 13 is a perspective view depicting a positional
relation among the main slider, the sub-slider and
the motion link in the half-opened state.
FIG. 14 is a perspective view depicting a positional
relation among the main slider, the sub-slider and
the motion link in the upper end contact state.

FIG. 15 is a perspective view depicting a positional
relation among the main slider, the sub-slider and
the motion link in the completely closed state.
FIG. 16 is a block diagram depicting an electrical
configuration of the electronic device.
FIG. 17 depicts stress that is to be generated in an
electronic device of a second illustrative embodi-
ment.
FIG. 18 depicts stress that is to be generated in the
electronic device of FIG. 17.
FIG. 19 is a side view depicting a pressing part of
the electronic device of FIG. 17.
FIG. 20 is a plan view depicting the pressing part.

Description of Embodiments

[0021] Hereinafter, illustrative embodiments will be de-
scribed in detail with reference to the accompanying
drawings.

<1. First Illustrative Embodiment>

<1-1. Outline>

[0022] FIG. 1 is a perspective view depicting an out-
ward appearance of an electronic device 1 according to
a first illustrative embodiment. The electronic device 1 is
a device that is to be mounted on a vehicle such as an
automobile and is to be used in a vehicle interior. The
electronic device 1 has a navigation function of guiding
a route to a destination and an audio function of outputting
voice into the vehicle interior.
[0023] The electronic device 1 has a basis chassis 2
and a display panel 3 configured to display a variety of
information.
[0024] In below description, a three dimensional Car-
tesian coordinate system (XYZ) shown in each drawing
is used. The Cartesian coordinate system is relatively
fixed to the basis chassis 2 and indicates directions. An
X-axis direction is a left-right direction, a Y-axis direction
is a front-back direction, and a Z-axis direction is an up-
per-lower direction. A +X-side is a left side of a display
surface of the display panel 3, and a -X-side is a right
side of the display surface. A +Y-side is a front side of
the display surface, and a -Y-side is a backside of the
display surface. A +Z-side is an upper side and a -Z-side
is a lower side.
[0025] The basis chassis 2 is fixed in a dashboard (i.e.,
a vehicle), which is a fixing target, by a fastener. The
basis chassis 2 is a box-shaped housing. The basis chas-
sis 2 functions as a main body of the electronic device
1. In the first illustrative embodiment, the basis chassis
2 is fixed so that a bottom surface thereof extends along
a substantially horizontal direction. Therefore, the X-axis
direction and the Y-axis direction run in the substantially
horizontal direction, and the Z-axis direction runs in a
substantially vertical direction. The basis chassis 2 has
an insertion opening for diverse media such as a CD, a
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DVD and the like.
[0026] The display panel 3 has a display 31 (an exam-
ple of the display surface) such as a liquid crystal monitor.
The display panel 3 functions as the display unit of the
electronic device 1. The display surface of the display
panel 3 has a substantially rectangular shape having a
longitudinal direction and a width direction. A user (main-
ly, a driver) getting in the vehicle obtains a variety of in-
formation by visibly recognizing the display 31 of the dis-
play panel 3.
[0027] The display 31 has a touch panel. The display
31 is configured to receive a user’s operation input. The
user can input a variety of instructions into the electronic
device 1 by touching command buttons displayed on the
display 31.
[0028] FIG. 2 depicts movement of the display panel
3. The display panel 3 is configured to change a direction
of the display surface by an operation of a tilt mechanism
21. The tilt mechanism 21 is configured to incline (tilt) the
display panel 3 about a rotary shaft extending in the left-
right direction (the X-axis direction) by moving a main
slider 4 connected to a lower end-side (the -Z-side) of
the display panel 3 in the front-back direction (the Y-axis
direction). When the display panel 3 is tilted, an inside of
the basis chassis 2 is exposed, so that the medium in-
sertion opening MI (refer to a lower view) for a CD, a DVD
or the like appears.
[0029] The tilt mechanism 21 is configured to transition
from a state (a completely closed state; refer to an upper
view) where the medium insertion opening is covered to
a state (a completely opened state; refer to a lower view)
where the medium insertion opening MI is exposed via
a state (a half-opened state; refer to a middle view) where
the medium insertion opening is half-covered by tilting
the direction of the display surface of the display panel
3. The completely closed state where the medium inser-
tion opening is covered by the display panel 3 is also a
fixed state where the display panel 3 is fixed to the basis
chassis 2. The fixed state indicates a state where a back-
side (an opposite side to the display surface) of the dis-
play panel 3 is in contact with a front surface (a surface
having the medium insertion opening; an example of the
fixing surface) of the basis chassis 2. For example, the
fixed state means a state where the medium insertion
opening is covered by the display panel 3.
[0030] When the tilt mechanism 21 moves the main
slider 4 into the basis chassis 2 to bring the display panel
3 into contact with the basis chassis 2, the display panel
3 becomes in the completely closed state where the dis-
play panel is fixed to the basis chassis 2.
[0031] However, a state (a so-called reverse tilt state)
may occur in which even when the lower end of the dis-
play panel 3 is contacted to the basis chassis 2, the upper
end of the display panel 3 is not contacted to the basis
chassis 2 due to aging deterioration resulting from re-
peating driving of the tilt mechanism 21 or a slight design
error thereof. When the reverse tilt state occurs, even
though the lower end of the display panel 3 is contacted

to the basis chassis 2, the upper end of the display panel
3 is not contacted to the basis chassis 2. The reason is
that the upper end of the display panel 3 is not connected
with the main slider 4 and a force of fixing the upper end
to the basis chassis 2 is difficult to be transmitted. For
this reason, when the display panel 3 becomes in the
reverse tilt state, a gap is generated between the upper
end of the display panel 3 and the basis chassis 2, so
that an abnormal or rattling sound is caused in the display
panel 3.
[0032] FIG. 3 depicts the reverse tilt state of the display
panel 3. Since the lower end of the display panel 3 is
pulled towards the basis chassis 2 (the -Y direction) by
the main slider 4, it is contacted to the basis chassis 2.
However, the upper end of the display panel 3 is bent in
a direction (the +Y direction) of separating from the basis
chassis 2 due to the aging deterioration or the like, so
that it is not contacted to the basis chassis 2. The upper
end of the display panel 3 vibrates as the vehicle vibrates,
for example, so that an abnormal sound may be caused.
Since the abnormal sound makes the user uncomforta-
ble, it is needed to prevent the reverse tilt state.
[0033] Elastomers 32 are respectively provided at four
corners of a surface of the display panel 3 in contact with
the basis chassis 2. The elastomer 32 is a rubber-like
member having elasticity. The display panel 3 is in con-
tact with the basis chassis 2 via the elastomers 32. The
elastomers 32 are elastically deformed, so that it is pos-
sible to rigidly fix the display panel 3 to the basis chassis 2.

<1-2. Operations of Display Panel>

[0034] Operations of the display panel 3 are described.
FIGS. 4 to 7 are side views depicting the electronic device
1 as seen from a side (the -X-side), illustrating the inclined
state of the display panel 3. In the meantime, in the re-
spective drawings, some members are shown with being
projected for convenience of explanation. Also, some
configurations of the electronic device 1 are not shown.
[0035] FIG. 4 depicts the completely opened state ST1
of the display panel 3. In the completely opened state
ST1 of the display panel 3, the elastomer 32 provided at
the upper end of the display panel 3 is in contact with a
convex part SL provided in the middle of the basis chassis
2 in a height direction (the Z-axis direction). Thereby, the
display panel 3 is fixed to the basis chassis 2.
[0036] The tilt mechanism 21 has the main slider 4, a
sub-slider 5, a motion link 6 and a motor (not shown).
[0037] The main slider 4 is a plate-shaped member,
and has an arm part of which left and right (the X-axis
direction) end portions extend in the front direction (the
+Y direction). A tip of the arm part of the main slider 4 is
connected to the lower end of the display panel 3 by a
first connection part 41. The lower end of the display pan-
el 3 can rotate about the first connection part 41.
[0038] The sub-slider 5 is a plate-shaped member, and
has a convex part of which left and right (the X-axis di-
rection) end portions protrude in the upward direction (the
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+Z direction).
[0039] The motion link 6 is a member configured to
support the display panel 3. A length of the motion link 6
in a longitudinal direction is about a half of a size of the
display panel 3 in the upper-lower direction. One end of
the motion link 6 in the longitudinal direction is connected
by a second connection part 61 provided in the vicinity
of a center of the upper and lower ends of the display
panel 3. The display panel 3 and the motion link 6 are
configured to relatively rotate about the second connec-
tion part 61. The second connection part 61 is a rotary
shaft when the tilt mechanism 21 tilts the display panel
3. A rotating direction of the display panel 3 is defined by
a moving distance in the front-back direction (the Y-axis
direction) of the main slider 4 connected to the lower end
of the display panel 3. The other end of the motion link
6 is connected to the convex part of the sub-slider 5 by
a third connection part 51. The other end of the motion
link 6 can rotate about the third connection part 51. The
motion link 6 functions as a support part of the electronic
device 1.
[0040] The electronic device 1 has a position sensor
(not shown). The position sensor is a variable resistor
engaged with a part of the main slider 4, for example.
The position sensor is configured to detect where the
main slider 4 is positioned. Thereby, the electronic device
1 drives the motor (not shown) to move the main slider
4 to any position within a moveable range.
[0041] The main slider 4 is configured to linearly recip-
rocally move in the front-back direction (the Y-axis direc-
tion) in parallel with the bottom surface of the basis chas-
sis 2 by a driving force supplied from the motor. The main
slider 4 is configured to move in the direction (+Y direc-
tion) of separating from the basis chassis 2 over about
80% of a distance between the upper and lower ends of
the display panel 3. The main slider 4 functions as a first
movement part of the electronic device 1.
[0042] The sub-slider 5 is configured to linearly move
in the front-back direction (the Y-axis direction) in parallel
with the bottom surface of the basis chassis 2 by a driving
force supplied from the main slider 4. The sub-slider 5 is
configured to move in the direction (+Y direction) of sep-
arating from the basis chassis 2 over about 20% of the
distance between the upper and lower ends of the display
panel 3. The sub-slider 5 functions as a second move-
ment part of the electronic device 1.
[0043] When the main slider 4 and the sub-slider 5
move in the direction (+Y direction) of separating from
the basis chassis 2, the display panel 3 is rotated about
the second connection part 61, which is a rotary shaft.
When the elastomer 32 provided at the upper end of the
display panel 3 is contacted to the convex part SL of the
basis chassis 2, the display panel 3 becomes in the com-
pletely opened state ST1 where the display surface faces
upwards obliquely and the interior of the basis chassis 2
is exposed. The operations of the main slider 4 and the
sub-slider 5 will be described in detail later.
[0044] FIG. 5 depicts the half-opened state ST2 of the

display panel 3. The half-opened state ST2 is a state
formed by moving the main slider 4 from the completely
opened state ST1 of the display panel 3 (FIG. 4) towards
the inner side (the -Y-side) of the basis chassis 2. At this
time, the lower end of the display panel 3 is rotated about
the second connection part 61 (a rotary shaft) in a direc-
tion of coming close to the basis chassis 2. Thereby, a
direction of a line connecting the first connection part 41
and the second connection part 61 becomes closer to a
perpendicular direction (the Z-axis direction), as com-
pared to the completely opened state ST1. For this rea-
son, a posture of the display panel 3 becomes close to
the perpendicular direction (the Z-axis direction) and the
display panel 3 becomes in the half-opened state ST2.
[0045] FIG. 6 depicts the upper end contact state ST3
of the display panel 3. The upper end contact state ST3
is a state formed by moving the main slider 4 and the
sub-slider 5 from the half-opened state ST2 of the display
panel 3 (FIG. 5) towards the inner side (the -Y-side) of
the basis chassis 2 and is a state where the upper end
of the display panel 3 is in contact with the basis chassis
2. The lower end of the display panel 3 is further rotated
about the second connection part 61 (a rotary shaft) from
the half-opened state ST2 of FIG. 5 in the direction of
coming close to the basis chassis 2. Thereby, the posture
of the display panel 3 becomes closer to the perpendic-
ular direction (the Z-axis direction), as compared to the
half-opened state ST2. In the upper end contact state
ST3, an inclined angle of the display panel 3 is an angle
θ relative to the perpendicular direction (the Z-axis direc-
tion). The angle θ is 1.6°, for example. At this time, the
first connection part 41 is disposed at a position closer
to the front surface-side (the +Y-side) of the display panel
3 than the second connection part 61 so that the inclined
angle of the display panel 3 becomes the angle θ. There-
by, the upper end of the display panel 3 is contacted to
the basis chassis 2 earlier than the lower end of the dis-
play panel 3. That is, a state where only the upper end
of the display panel 3 is in contact with the basis chassis
2 is formed. The main slider 4 and the sub-slider 5 are
arranged so that the first connection part 41 is arranged
at the position more distant from the basis chassis 2 than
the second connection part 61 and only the upper end
of the display panel 3 is contacted to the basis chassis
2. Thereby, it is possible to prevent the display panel 3
from contacting the basis chassis 2 in the reverse tilt
state. That is, the lower end of the display panel 3 is tilted
by the angle θ in the direction of separating from the basis
chassis 2, so that even when the upper end of the display
panel 3 is slightly bent in the direction of separating from
the basis chassis 2 due to the aging deterioration or the
like, it is possible to prevent the great reverse tilt state
as shown in FIG. 3. Also, the upper end of the display
panel 3 to which the driving force of the tilt mechanism
21 is difficult to be transmitted because the main slider
4 is not connected thereto is first contacted to the basis
chassis 2, and the lower end to which the main slider 4
is connected is later contacted to the basis chassis 2.
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Thereby, it is possible to bring the display panel 3 into
rigid contact with the basis chassis 2 as a whole.
[0046] FIG. 7 depicts the completely closed state ST4
of the display panel 3. The completely closed state ST4
is a state formed by moving the main slider 4 from the
upper end contact state ST3 of the display panel 3 (FIG.
6) towards the inner side (the -Y-side) of the basis chassis
2, and is a state where the upper end and the lower end
of the display panel 3 are in contact with the basis chassis
2. That is, the completely closed state ST4 is a state
where the backside (an opposite side to the display sur-
face) of the display panel 3 is in contact with the basis
chassis 2. The ’state where the backside of the display
panel 3 is in contact with the basis chassis 2’ includes a
state where the elastomers 32 disposed on the backside
of the display panel 3 are in contact with the basis chassis
2. The elastomers 32 of the lower end of the display panel
3 are contacted to the basis chassis 2, so that the com-
pletely closed state ST4 where the entire inside of the
basis chassis 2 is covered by the display panel 3 is
formed. That is, the angle θ shown in the upper end con-
tact state ST3 is 0°.
[0047] The main slider 4 is configured to move during
all transition processes from the state ST1 to the state
ST4 of the display panel 3. The sub-slider 5 is configured
to move during the transition process from the state ST2
to the state ST3 of the display panel 3. The sub-slider 5
is configured to move together with the main slider 4 dur-
ing the transition process from the state ST2 to the state
ST3 of the display panel 3, so that a space is formed
between the upper end of the display panel 3 and the
basis chassis 2 and the upper end of the display panel
3 can be thus rotated without contacting the basis chassis
2. The space is particularly effective when the display
panel 3 transitions from the completely closed state ST4
to the half-opened state ST2. On the other hand, an op-
posite operation to the above operation is carried out for
the display panel 3 when the display panel 3 transitions
from the completely closed state ST4 to the completely
opened state ST1 via the upper end contact state ST3
and the half-opened state ST2.

<1-3. Operations of Sliders>

[0048] In the below, operations of the main slider 4 and
the sub-slider 5 are described. FIGS. 8 to 11 are plan
views depicting the electronic device 1 as seen from
above (the +Z-side), illustrating the operations of the
main slider 4 and the sub-slider 5. In the meantime, in
the respective drawings, some members are shown with
being projected for convenience of explanation. Also,
some configurations of the electronic device 1 are not
shown. The display panel 3 is shown with the dotted line.
[0049] FIG. 8 depicts the completely opened state ST1
of the display panel 3.
[0050] The basis chassis 2 has two guide recesses 2a
extending in the front-back direction (the Y-axis direc-
tion). A rear end portion (an end portion of the -Y-side)

of each guide recess 2a is closer to a center in the left-
right direction (the X-axis direction) of the basis chassis
2 than a front end portion (an end portion of the +Y-side).
[0051] The main slider 4 has two guide recesses 2a
extending in the front-back direction (the Y-axis direc-
tion). A front end portion (an end portion of the +Y-side)
of each guide recess 4a is bent towards the center in the
left-right direction (the X-axis direction) of the basis chas-
sis 2.
[0052] The sub-slider 5 has two guide recesses 5a ex-
tending in the left-right direction (the X-axis direction).
[0053] Two fixing shafts 5b are fitted in the two guide
recesses 2a, the two guide recesses 4a and the two guide
recesses 5a, respectively. In the meantime, the two fixing
shafts 5b are not fixed to any of the basis chassis 2, the
main slider 4 and the sub-slider 5. In the completely
opened state ST1 of the display panel 3, each of the fixing
shafts 5b is positioned at a front end (the +Y-side) of the
corresponding guide recess 2a, a rear end (the -Y-side)
of the corresponding guide recess 4a and an outer end
(an end portion positioned at an outer side in the left-right
direction of the basis chassis 2) of the corresponding
guide recess 5a.
[0054] The tilt mechanism 21 has a motor 7 configured
to generate a driving force and a plurality of gears 71
configured to transmit the driving force of the motor 7.
The motor 7 and the plurality of gears 71 are arranged
on the bottom surface of the basis chassis 2.
[0055] The main slider 4 has a rack gear 72 extending
in the front-back direction (the Y-axis direction). The rack
gear 72 is engaged with one of a plurality of gears 71.
The driving force of the motor 7 is transmitted to the main
slider 4 via the plurality of gears 71 and the rack gear 72.
[0056] In the completely opened state ST1 of the dis-
play panel 3, when the motor 7 is rotated, the main slider
4 is moved towards the inner side (the -Y-side) of the
basis chassis 2. At this time, the sub-slider 5 is not moved.
The reason is that the driving force is not applied thereto.
As the main slider 4 is moved, each fixing shaft 5b reach-
es a front end portion (a position bent towards the center
in the left-right direction of the basis chassis 2) of the
corresponding guide recess 4a.
[0057] FIG. 9 depicts the half-opened state ST2 of the
display panel 3. At this time, each fixing shaft 5b has
reached the front end portion of the corresponding guide
recess 4a.
[0058] In the half-opened state ST2 of the display panel
3, when the motor 7 is further rotated, the force of moving
the main slider 4 towards the inner side (the -Y-side) of
the basis chassis 2 is applied. Since the front end portion
of each guide recess 4a is bent towards the center in the
left-right direction of the basis chassis 2, each fixing shaft
5b is moved towards an inner end of the corresponding
guide recess 5a of the sub-slider 5. Thereby, each fixing
shaft 5b is permitted to move towards a rear end of the
corresponding guide recess 2a of the basis chassis 2.
As each fixing shaft 5b comes close to the inner end of
the corresponding guide recess 5a, the fixing shaft 5b
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moves towards the front end of the corresponding guide
recess 4a and towards the rear end of the corresponding
guide recess 2a. Thereby, both the main slider 4 and the
sub-slider 5 are displaced towards the inner side (the -Y-
side) of the basis chassis 2.
[0059] Each guide recess 2a extends obliquely to-
wards the rear end portion so that it comes close to the
center in the left-right direction of the basis chassis 2.
For this reason, the moving speed of the sub-slider 5 is
slower than the moving speed of the main slider 4 at the
time that it reaches the half-opened state ST2 from the
completely opened state ST1.
[0060] FIG. 10 depicts the upper end contact state ST3
of the display panel 3. At this time, each fixing shaft 5b
has reached the rear end of the corresponding guide re-
cess 2a and in the vicinity of the front end of the corre-
sponding guide recess 4a. As described above, in the
upper end contact state ST3, the upper end of the display
panel 3 is in contact with the basis chassis 2. At this time,
each fixing shaft 5b has not reached yet the front end of
the corresponding guide recess 4a. For this reason, the
lower end of the display panel 3 has not been contacted
yet to the basis chassis 2.
[0061] In the upper end contact state ST3 of the display
panel 3, when the motor 7 is further rotated, the force of
further moving the main slider 4 towards the inner side
(the -Y-side) of the basis chassis 2 is applied. Thereby,
each fixing shaft 5b reaches the front end of the corre-
sponding guide recess 4a. Thereby, the lower end of the
display panel 3 to which the main slider 4 is connected
is contacted to the basis chassis 2. That is, the posture
angle θ of the display panel 3 relative to the perpendicular
direction is zero and the display panel 3 becomes in the
completely closed state. At this time, the upper end of
the display panel 3 is first contacted to the front surface
of the basis chassis 2 and the lower end of the display
panel 3 to which the main slider 4 is connected is then
contacted to the front surface of the basis chassis 2.
Therefore, it is possible to prevent the lower end of the
display panel 3 from contacting the front surface of the
basis chassis 2 in the reverse tilt state and to rigidly fix
the display panel 3 to the basis chassis 2.
[0062] FIG. 11 depicts the completely closed state ST4
of the display panel 3. At this time, the fixing shaft 5b has
reached the front end of the corresponding guide recess
4a. In this state, the display panel 3 is fixed to the front
surface of the basis chassis 2 with the posture angle θ
relative to the perpendicular direction being zero. Since
the upper end of the display panel 3 is first contacted to
the basis chassis 2, it is possible to prevent the lower
end of the display panel 3 from contacting the front sur-
face of the basis chassis 2 in the reverse tilt state. There-
fore, the display panel 3 is rigidly fixed to the basis chassis
2.
[0063] On the other hand, the reverse operations to
the above operations are carried out for the main slider
4, the sub-slider 5 and the like when moving the display
panel 3 from the completely closed state ST4 to the com-

pletely opened state ST1 via the upper end contact state
ST3 and the half-opened state ST2.
[0064] Subsequently, a positional relation among the
main slider 4, the sub-slider 5 and the motion link 6 is
described. FIGS. 12 to 15 are perspective views depict-
ing the positional relation among the main slider 4, the
sub-slider 5 and the motion link 6. In the respective draw-
ings, the display panel 3 is not shown.
[0065] FIG. 12 depicts the completely opened state
ST1 of the display panel 3. The front end portion of the
main slider 4 is positioned distant from the basis chassis
2. The sub-slider 5 is positioned at the front end portion
of the basis chassis 2. The second connection part 61 of
the motion link 6 and the display panel 3 is positioned in
the vicinity of the bottom surface of the basis chassis 2.
For this reason, the display surface of the display panel
3 faces obliquely towards the upper side (a direction of
the +Z-side and the +Y-side and close to the Z-axis).
[0066] FIG. 13 depicts the half-opened state ST2 of
the display panel 3. The main slider 4 is accommodated
in the basis chassis 2 except for the front end portion.
The sub-slider 5 is located at the same position as the
completely opened state ST1. As the main slider 4 is
moved rearwards, a distance between the first connec-
tion part 41 and the second connection part 61 in the
front-back direction (the Y-axis direction) is shortened
and the longitudinal direction of the motion link 6 comes
close to the perpendicular direction (the Z-axis direction).
For this reason, the display surface of the display panel
3 faces obliquely towards the front side (a direction of
the +Z-side and the +Y-side and close to the Y-axis).
[0067] FIG. 14 depicts the upper end contact state ST3
of the display panel 3. The front end portion of the main
slider 4 is partially positioned outside the basis chassis
2. Thereby, the posture angle θ described with reference
to FIG. 6 is formed. The sub-slider 5 is positioned at the
absolute rear of the moveable range and is entirely ac-
commodated in the basis chassis 2. The longitudinal di-
rection of the motion link 6 comes closer to the perpen-
dicular direction (the Z-axis direction), as compared to
the half-opened state ST2.
[0068] FIG. 15 depicts the completely closed state ST4
of the display panel 3. The main slider 4 and the sub-
slider 5 are entirely accommodated in the basis chassis
2. The longitudinal direction of the motion link 6 faces
towards the substantially perpendicular direction (the Z-
axis direction). Thereby, the first connection part 41 and
the second connection part 61 are positioned in a line in
the substantially perpendicular direction (the Z-axis di-
rection).

<1-4. Electrical Configuration>

[0069] In the below, an electrical configuration of the
electronic device 1 is described with reference to FIG. 16.
[0070] The electronic device 1 has a control unit 22, a
storage unit 23, a navigation unit 24 and an audio unit
25, as electrical processing units, in addition to the dis-
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play panel 3 and the tilt mechanism 21. The electrical
processing units are arranged on a substrate provided
in the basis chassis 2. At least some of the electrical
processing units may be arranged in the display panel 3.
[0071] The control unit 22 is a microcomputer having
a CPU, a RAM and a ROM. The control unit 22 is con-
figured to execute a pre-stored program, thereby collec-
tively control the electronic device 1 as a whole. The con-
trol unit 22 is electrically connected to the display 31 of
the display panel 3 and the tilt mechanism 21 and is con-
figured to control the operations of the display 31 and the
tilt mechanism 21. Operations of a display control unit
22a and a driving control unit 22b, which will be described
later, are parts of functions that are to be implemented
as the CPU executes the program.
[0072] The display control unit 22a is configured to
generate image data such as a map, a letter and the like
and to display an image on the display 31.
[0073] The driving control unit 22b is configured to con-
trol the operations of the main slider 4, the sub-slider 5
and the motion link 6 by rotating the motor 7 of the tilt
mechanism 21. At this time, the driving control unit 22b
is configured to receive a signal of the position sensor of
the tilt mechanism 21, thereby detecting the inclined an-
gle of the display panel 3. The driving control unit 22b is
configured to control the tilt mechanism 21 on the basis
of the detected inclined angle of the display panel 3,
thereby setting the state of the display panel 3 to any one
from the completely opened state ST1 to the completely
closed state ST4 shown in FIGS. 4 to 7.
[0074] The storage unit 23 is a non-volatile storage de-
vice (for example, a flash memory) capable of storing
therein diverse data. The storage unit 23 is configured
to store therein a variety of data necessary to operate
the electronic device 1.
[0075] The navigation unit 24 is configured to imple-
ment a navigation function of guiding a route to a desti-
nation by using the map stored in the storage unit 23.
[0076] The audio unit 25 is configured to implement an
audio function of outputting voice into a vehicle interior
by using voice data stored in the storage unit 23.
[0077] As described above, according to the electronic
device 1 of the first illustrative embodiment, in order to
set the display panel 3 to the completely closed state
ST4, the display panel 3 is inclined to bring the upper
end of the display panel 3 into contact with the front sur-
face of the basis chassis 2 and then to bring the lower
end of the display panel 3 connected to the main slider
4 into contact with the front surface of the basis chassis
2. Thereby, the display panel 3 is prevented from con-
tacting the front surface of the basis chassis 2 in the re-
verse tilt state. Therefore, it is possible to rigidly fix the
display panel 3 to the basis chassis 2.

<2. Second Illustrative Embodiment>

[0078] In the below, a second illustrative embodiment
is described. The same configurations as the first illus-

trative embodiment are denoted with the same reference
numerals as the first illustrative embodiment and the
overlapping description thereof is omitted.

<2-1. Problems>

[0079] FIG. 17 depicts the upper end contact state ST3
of the display panel 3 to the basis chassis 2. The second
connection part 61 of the motion link 6 and the display
panel 3 is closer to the basis chassis 2-side (the -Y di-
rection), as compared to the first connection part 41 of
the main slider 4 and the display panel 3. That is, the line
connecting the first connection part 41 and the second
connection part 61 extends obliquely with respect to the
perpendicular direction (parallel with the Z-axis). At this
time, a distance between the first connection part 41 and
the second connection part 61 in the perpendicular di-
rection (parallel with the Z-axis) is D1. Then, when power
F1 is applied to the main slider 4, the main slider 4 is
moved towards the inner side (the -Y direction) of the
basis chassis 2 and transitions from the upper end con-
tact state ST3 to the completely closed state ST4 shown
in FIG. 18. In the completely closed state ST4, the line
connecting the first connection part 41 and the second
connection part 61 faces towards the perpendicular di-
rection (parallel with the Z-axis). At this time, the distance
therebetween in the perpendicular direction (parallel with
the Z-axis) is D2. The distance D2 is slightly greater than
the distance D1. The sub-slider 5 is pulled up by a differ-
ence between the distance D2 and the distance D1.
[0080] That is, in the completely closed state ST4, the
distance between the first connection part 41 and the
second connection part 61 in the perpendicular direction
becomes greater from D1 to D2, so that push-up load F2
is applied to the second connection part 61 and pull-up
load F3 is additionally applied to the third connection part
51. The pull-up load F3 acts as pull-up load F4 of pulling
up the sub-slider 5 connected to the third connection part
51. The sub-slider 5 is pulled up from 0.1 mm to 0.6 mm
by the pull-up load F4, for example.
[0081] When the pull-up load F4 is repeatedly applied
to the sub-slider 5 as the opening and closing operation
of the display panel 3 is repeated, the sub-slider 5 is bent
upwards (the Z direction), so that deformation is caused.
When the sub-slider 5 is deformed, the vibrations and
the abnormal sound are caused. When the sub-slider 5
is deformed, the smooth opening and closing operation
of the display panel 3 is interrupted, so that a failure may
occur in the tilt mechanism 21.

<2-2. Configuration>

[0082] As shown in FIG. 19, the electronic device 1 of
the second illustrative embodiment has a spring part 26
for suppressing the bending of the sub-slider 5.
[0083] The spring part 26 is a plate-shaped elastic
member having a bent portion protruding downwards (the
-Z-side). The bent portion is in contact with the sub-slider
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5. In the meantime, the spring part 26 functions as a
pressing part of the electronic device 1.
[0084] One end of the spring part 26 is connected to a
connection part 26a arranged on an inner side wall sur-
face (ZY plane) of the basis chassis 2. The spring part
26 is configured to apply a pressing force to the sub-slider
5 in an opposite direction (the - Z direction) to the pull-
up load F4.
[0085] FIG. 20 is a plan view of the electronic device
1 in which the respective configurations are shown with
being projected from the upper (the +Z direction) towards
the lower (the -Z direction). The electronic device 1 has
the two spring parts 26. The two spring parts 26 are re-
spectively provided at left and right ends in the left-right
direction (the X-axis direction) of the sub-slider 5. The
reason is that the pull-up load F4 is applied to the sub-
slider 5 at positions at which the sub-slider 5 is connected
to the motion link 6, i.e., at both left and right end positions
of the sub-slider 5.
[0086] In this way, the electronic device 1 of the second
illustrative embodiment has the spring parts 26 for sup-
pressing the deformation due to the bending of the sub-
slider 5. Therefore, even when the pull-up load F4 is ap-
plied to the sub-slider 5, it is possible to alleviate the
stress of bending the sub-slider 5 upwards (the Z direc-
tion). Thereby, it is possible to prevent the deformation
of the sub-slider 5. Also, it is possible to prevent the vi-
brations and the abnormal sound due to the deformation
of the sub-slider 5. For this reason, it is possible to prevent
the failure of the tilt mechanism 21 and to keep the smooth
opening and closing operation of the display panel 3.

<3. Modified Embodiments>

[0087] Although the illustrative embodiments of the
present invention have been described, the present in-
vention is not limited to the illustrative embodiments and
a variety of modifications can be made. In the below,
modified embodiments are described. All aspects includ-
ing the above illustrative embodiments and modified em-
bodiments to be described below can be appropriately
combined.
[0088] In the above illustrative embodiments, the elec-
tronic device 1 is fixed to the vehicle such as an automo-
bile. However, the electronic device 1 may be fixed in
other places of buildings such as home, a store, an office,
a factory and the like.
[0089] In the above illustrative embodiments, the con-
trol functions of the electronic device 1 are implemented
in the software manner by the calculation processing of
the CPU in accordance with the programs. However,
some of the control functions may be implemented by an
electrical hardware circuit.
[0090] A Japanese Patent Application No.
2014-071217 filed on March 31, 2014 and configuring a
part of the present application is herein incorporated for
reference.

Claims

1. An electronic device comprising:

a main body fixed to a fixing target and having
a fixing surface;
a display unit having a display surface fir dis-
playing information, and
a first movement part connected to a lower end
of the display unit and configured to linearly re-
ciprocally move relative to the main body,
wherein the display unit can transition between
an inclined state and a fixed state via an upper
end contact state in accordance with the recip-
rocal movement of the first movement part,
wherein in the inclined state, the display unit is
spaced from the fixing surface and the display
surface faces upwards obliquely,
wherein in the upper end contact state, an upper
end of the display unit is in contact with the fixing
surface and the lower end of the display unit is
spaced from the fixing surface, and
wherein in the fixed state, the upper end and the
lower end of the display unit are in contact with
the fixing surface.

2. The electronic device according to claim 1, further
comprising:

a second movement part configured to recipro-
cally move in parallel with the first movement
part,
a support part configured to support the display
unit,
a first connection part to which the lower end of
the display unit is to be connected to be rotatable
relative to the first movement part, and
a second connection part provided between the
upper end and the lower end of the display unit
and to which the display unit and the support
part are to be connected to be relatively rotata-
ble,
wherein in the upper end contact state, the first
connection part is positioned more distant from
the fixing surface than the second connection
part.

3. The electronic device according to claim 2, further
comprising a pressing part configured to press down-
wards the second movement part at least in the fixed
state.
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